W were used to facilitate correction for interference between reactions leading to the same product. Standard γ-ray spectrometry was employed for the measurement of the radioactivity. In addition to the standard detector efficiency calibration a Monte Carlo simulation of the coaxial HPGe detector was performed with the MCNP5 code in order to achieve higher geometry flexibility and better accuracy. The measured results are compared with work by other authors, current evaluated data files, TALYS and EMPIRE calculations using consistent parameter sets.
Introduction
Neutron-induced cross section data for Ta and W are of importance both for nuclear technologies research and development and for basic studies. The neutron-induced reaction cross sections on W isotopes and Ta have been experimentally studied around 14 MeV however due to the high threshold for most of the reactions, measurements at higher incident neutron energies are needed to guide evaluations and model calculations. Precise experimental cross section data for fast neutron-induced reactions are of considerable interest for testing nuclear model calculations. Several reaction channels are energetically allowed in the investigated energy range and different reaction mechanisms play a roll. A precise and complete experimental data base for a given mass region allows systematic development of nuclear model parameterizations.
Experimental procedure
The cross sections were determined by the activation method in combination with γ-spectrometry. A detailed description of the measurement technique was given elsewhere [1] .
The irradiations were carried out at the 7-MV Van de Graaff accelerator at IRMM, Geel. Quasi-monoenergetic neutrons with energies between 13.8 and 20.5 MeV were produced via the 3 H(d,n) 4 He reaction at E d = 1,2,3,4 MeV. The distance between the sample stack and the center of the target varied from 3 cm for samples with 10 mm diameter to 7 cm for samples with 30 mm diameter.
The neutron fluence rate was determined by the 27 Al(n,α) 24 Na ENDF/B-VI standard cross section. Due to the difference in the studied reactions half-lives the 27 Al(n,p) 27 Mg, 56 Fe(n,p) 56 Mn, 58 Ni(n,p) 58 Co, and 93 Nb(n,2n) 92m Nb secondary standard were used as well. Both isotopically enriched and natural abundance materials were employed in these measurements. Disc-shaped highpurity natural chromium (Ø30 × 5 mm), nickel (Ø14 × 5 mm), copper (Ø20 × 5 mm), and tantalum (Ø15 × 1 mm) samples were employed in the present measurements. Natural tungsten samples were prepared by either punching discs of 13 mm diameter or by cutting squares of 1 cm 2 from a metallic foil. Depending on the energy of the measured γ-rays samples with 0.1 or 0.25 mm thickness were used in order to minimize g-ray attenuation. The radioactivity of the samples was measured by γ-ray spectrometry. In addition to the standard detector efficiency calibration a Monte Carlo simulation of the coaxial HPGe detector was performed with the MCNP5 code in order to ©2008 CEA, published by EDP Sciences
Article available at http://nd2007.edpsciences.org or http://dx.doi.org/10.1051/ndata:07320 achieve higher geometry flexibility and better accuracy. Both full-energy peak and total efficiencies for the detector measuring geometry were calculated with the MCNP5 code for large Cr, Ni, Cu and Ta samples as well as for W samples due to the high γ-ray attenuation. In order to increase counting statistics, a stack of several W samples were irradiated, and spread on the detector cap to avoid counting loss due to gamma-ray absorption. The decay parameters applied in the data analysis are given in Additional corrections applied in the data analysis were: variation of the neutron fluence during irradiation, dead time effects, low energy neutron background, neutron flux end energy distribution inside the stack of sample and monitor foils.
Results and discussion
The measured cross sections are shown graphically in figs. 1-6 together with experimental data measured by other authors, retrieved from the EXFOR [5], current evaluated data files [6] - [9] , TALYS [4] and EMPIRE-II [3] 183 Hf reaction cross sections the experimental data around 14 MeV are relatively consistent, however the differences in the evaluated nuclear data files from the major data libraries are considerable. Our results for both reactions are in a good agreement with the data around 14 MeV and the EMPIRE model calculations.
